A MAJOR disadvantage of current isotope methods for studying dynamic transit time and blood flow determinations within the brain has been the interference from activity in superficial structures such as the scalp and calvarium. A further disadvantage has been the necessity to obtain, monitor, and dispose of radioactive tracers in the various forms used for this purpose, as well as the fact that radiation reaches parts of the body beyond the immediate area of interest. We are reporting a method which solves these difficulties and has an additional advantage, the capability of defining regional flow in a moderately precise area. This report is preliminary in that it concerns experiments designed to show the feasibility of this technique in animals and humans. The nature of information obtained is similar to that obtained by more conventional radioisotope methods.
Method and Results
The method utilizes K-shell fluorescence induced by exposure to an external source of 241Americium which has a gamma energy of approximately 60 keV. When a nonradioactive tracer of medium to high atomic number is used in sufficient quantity for statistical reliability, the radiation resulting from this fluorescence has an x-ray energy which can be detected with a high resolution lithiumdrifted silicon detector. At the present time, iodine and xenon are the only elements available for such studies. This method was first described by Hoffer, et al., ~ in 1968 . The fluorescent method is currently used in the Section of Nuclear Medicine of the University of Chicago for imaging thyroidal iodine and has been used experimentally for other static and dynamic organ studies.--A diagrammatic portrayal of the source and detector can be seen in Fig. 1 . It should be noted in this case that the source is set at an angle of approximately 45 ~ to the detector, giving a tomographic effect whereby discrete tissue volume from which data are collected is defined. A possible refinement of this technique, which we have not yet carried out, is to place the source at right angles to the detector, thereby accentuating still further this tomographic effect. To date, studies have been carried out with both iodine and xenon in the rhesus monkey and in the human.
Iodine
The feasibility of using iodine as a tracer was first established with Renografin-76 (meglumine diatrizoate, 37% iodine) in the monkey. Our fluorescence detector (3.3 Ci Americium 2~1 annular source, 200 mm 2 lithium-drifted silicon detector) * placed over the calvarium and so adjusted that a region of interest approximately 3 cm 2 was viewed. A 3 % window was set on the pulse height ana- 9 Fluorescence detector available from Nuclear Diodes, 103 Shelter Avenue, Prairie View, Illinois.
lyzer (Canberra Model 1413) ~ bracketing the 28.5-keV k alpha characteristic x-ray peak of iodine (window width 28-29 keV). The count information was then recorded on a multichannel analyzer (RIDL Model 34-12B) :~ operating on a time sequence scaling mode. Following injection of 1 and 2 cc of Renografin-76, counts were collected over 2-sec intervals per channel for a period of 30 sec. It was estimated that the maximum radiation dose to the brain was 50 millirads. Curves so obtained were similar to those obtained with conventional radionuclide dilution techniques.
The concentration of contrast material injected in the monkey was in excess of the amount that would be considered reasonable in man, however. In vitro studies indicated that considerably lower concentration of the Renografin should be possible, and accordingly preliminary studies were carried out in five patients in association with carotid arteriography. In these patients, as little as 3 cc of Renografin (29% iodine) was detectable using a similar region of interest. Lower doses of the iodine fell below the limits of statistical reliability. By combining this study with routine arteriography it was felt that much additional information could be gained from the patient without adding any hazard of excess radioactivity. No problems such as biological clearance of the radioactivity existed, and repeated curves could be run without fear of dye toxicity in these small quantities. The method did, however, have the disadvantage of an intra-arterial injection and was thus not applicable to patients in whom it was desired to avoid instrumentation of the carotid artery. The inherent laminographic nature of the technique allowed excellent regional study without interference from tracer in tissues outside the region of interest. Intravenous injection of the contrast material was attempted but proved unsuccessful because a discrete bolus with the necessary concentration of contrast material could not be obtained. 
Regional cerebral blood flow

Xenotl
Because of the desire to study the circulation without intra-arterial injection, a clearance technique utilizing xenon was investigated/ A 7-kg monkey was anesthetized and intubated with a cufed endotracheal tube, which was attached to a dosed rebreathing system with CO2 absorption. The animal was placed under a similar detection device as before, this time with a 3 % window bracketing the 29.8 keV K alpha characteristic peak of xenon on the pulse height analyzer. Again, the region of interest was a volume of approximately 3 cm. 3 The count information was routed to a multi-channel analyzer as before. The baseline background reading was obtained on 100% oxygen; the animal then received a mixture of 80% xenon with 20% oxygen, followed by 100% oxygen for the rest of the clearance period, with frequent flushing of the rebreathing system to prevent accumulation of xenon. The clearance curve obtained is apparently monophasic. The radiation dose to the animal was estimated to be less than 3 rads for the entire 30-min period.
Xenon is an inert gas that is mildly anesthetic in 80% concentration at atmospheric pressure. An inert xenon clearance study could be done on a reasonably cooperative patient, doing away with the need for intracarotid or intravenous injection. The method was tried in two such patients. In the first, a comatose patient with a brain tumor, the xenon was administered through an endotracheal tube, and a curve similar to that shown in the monkey resulted. It was of some interest, but not of interpretable significance, that the curve showed a very delayed clearance. In the second patient, also with a brain tumor, the xenon was administered by face mask. A similar curve was obtained (Fig.  2) . The appearance of the curve was consistent with the fact that the study dealt only with a selected region of interest in a semiconscious person. We feel that the application of this method to humans should be wider than that of the intra-arterial injection, and are doing further studies. The major drawbacks at the present time are the expense and sophistication of the equipment involved, and the expense of the xenon gas. The suggestion has been made by Tinney, 9 Ter-Pogossian, 8 and Hoffer, et al., 3 that such a method could be used for dynamic transit-time and blood-flow determinations within the brain and other organs. We have previously reported early animal experiments showing the feasibility of the method in monkeys, for both transit-time and bloodflow determination by the washout method. 6 Our present study, we believe, establishes the feasibility of both methods in the human. Because the isotope is excited to fluorescence and detected within the specific area of interest, by virtue of the inherent tomographic nature of the method, the determination is truly regional.
Summary
We have studied the feasibility of a new method of cerebral blood flow observation which has as its primary advantage the avoidance of emission from the scalp and skull to interfere with the detection of re-gional flow and allows us to avoid the administration of radioactive materials to the patient. The method results in data similar to those obtained with other isotope methods. Studies to date indicate it is feasible for use in both animals and humans.
